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WAVELENGTH MONITOR AND 
SEMICONDUCTOR LASER DEVICE 

The present application is based upon Japanese Patent 
Application No. 2000-371471 ?led Dec. 6, 2000 and Japa 
nese Patent Application No. 2001-132746 ?led Apr. 27, 
2001, the entire disclosures of Which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a Wavelength monitor and 

a semiconductor laser device in Which a Wavelength of a 
laser beam outputted from a semiconductor laser is moni 
tored. 

2. Description of Related Art 
Adense Wavelength division multiplexing (DWDM) opti 

cal communication has been performed in an optical com 
munication ?eld using optical ?bers. In this DWDM optical 
communication, laser beams, Which are emitted from a 
number of semiconductor lasers and have various 
Wavelengths, pass through a plurality of optical ?bers and 
are multiplexed to produce a multiplexed laser beam, the 
multiplexed laser beam is lead to an optical ?ber, and the 
multiplexed laser beam is transmitted to a destination. 
Thereafter, the multiplexed laser beam is demultiplexed to a 
plurality of laser beams, and the laser beams are used for 
various purposes. 

In recent years, a technique in Which laser beams are 
multiplexed at high density has been proposed in order to 
ef?ciently transmit the laser beams. In this technique, Wave 
length intervals of the laser beams to be multiplexed are 
narroWed (for example, Wavelength intervals of the laser 
beams are set to speci?c Wavelength intervals equivalent to 
50 GHZ). Therefore, to multiplex the laser beams Without 
interfering With each other, it is required for each semicon 
ductor laser device to set a Wavelength of the laser beam 
With high stability. To achieve this requirement, an intensity 
and Wavelength of a backWard-directed laser beam (also 
referred to as a backWard laser beam), Which is emitted from 
a semiconductor laser simultaneously With a forWard 
directed laser beam (also referred to as a forWard laser beam) 
to an optical ?ber, is detected and monitored, and the 
Wavelength of the backWard laser beam is controlled accord 
ing to the intensity of the backWard laser beam to adjust an 
Wavelength of the forWard laser beam. Also, in a laser beam 
measuring ?eld, an intensity and Wavelength of a backWard 
laser beam emitted from a semiconductor laser is monitored, 
and a Wavelength of a beam of homogeneous light emitted 
from the semiconductor laser is measured With high preci 
s1on. 

FIG. 23 is a vieW schematically shoWing the con?guration 
of a conventional Wavelength monitor in Which an intensity 
and varying Wavelength of a backWard laser beam emitted 
from a semiconductor laser is monitored. The conventional 
Wavelength monitor shoWn in FIG. 23 is disclosed in Pub 
lished Unexamined Japanese Patent Application H10-79551 
(1998). As shoWn in FIG. 23, a backWard laser beam emitted 
from a semiconductor laser 126 is collimated in a lens 127, 
and the collimated laser beam transmits through a quarter 
Wavelength plate 128 to transform a linear polariZation of 
the laser beam into a circular polariZation. Thereafter, the 
circularly polariZed laser beam is incident on a ?rst polar 
iZed beam splitter 129 to divide the incident laser beam into 
a ?rst laser beam 130 and a second laser beam 131. The ?rst 
polariZed beam splitter 129 has a band pass ?lter ?lm 132 
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2 
placed on a ?rst output end face. The ?rst laser beam 130 
transmits through the band pass ?lter ?lm 132 and is 
received in a ?rst photodiode 133. An output of electric 
current of the ?rst laser beam 130 detected in the ?rst 
photodiode 133 ?uctuates With a varying Wavelength of the 
backWard laser beam emitted from the semiconductor laser 
126. The second laser beam 131 is incident on a second 
polariZed beam splitter 134 to divide the incident laser beam 
into a third laser beam 135 and a fourth laser beam 136. The 
second polariZed beam splitter 134 has a band pass ?lter ?lm 
137 placed on a third output end face. The third laser beam 
135 transmits through a band pass ?lter ?lm 137 and is 
received in a second photodiode 138. An output of electric 
current of the third laser beam 135 detected in the second 
photodiode 138 ?uctuates With a varying Wavelength of the 
backWard laser beam emitted from the semiconductor laser 
126. The fourth laser beam 136 is received in a third 
photodiode 139 to detect an output of electric current of the 
fourth laser beam 136. In the conventional Wavelength 
monitor, the outputs of electric current detected in both the 
?rst photodiode 133 and the second photodiode 138 are used 
to monitor the Wavelength of the backWard laser beam 
emitted from the semiconductor laser 126, and the output of 
electric current detected in the third photodiode 139 is used 
to monitor the intensity of the backWard laser beam emitted 
from the semiconductor laser 126. Therefore, the Wave 
length and intensity of a forWard laser beam emitted from 
the semiconductor laser 126 can be stabiliZed. 

HoWever, because the conventional Wavelength monitor 
has the above-described con?guration, tWo polariZed beam 
splitters 129 and 134 and tWo band pass ?lters 132 and 137 
are required. Therefore, a problem has arisen that the num 
ber of parts is increased in the conventional Wavelength 
monitor so as to heighten a product cost. 

Also, because the backWard laser beam emitted from the 
semiconductor laser 126 is split to propagate in three 
directions, optical elements such as the lens 127 adjusting 
the convergence of the backWard laser beam emitted from 
the semiconductor laser 126, the polariZed beam splitters 
129 and 134 and the photodiodes 133, 138 and 139 are 
Widely separated in a plane. In this case, another problem 
has arisen that it is dif?cult to accurately arrange the optical 
elements With respect to the backWard laser beam propa 
gated in three directions. 

Also, because three plates, on Which the photodiodes 133, 
138 and 139 are arranged respectively, separately move in 
different directions due to a temperature variation and/or a 
mechanical variation occurring over a long period of time, 
a positional relationship among the semiconductor laser 126, 
the lens 127 and the photodiodes 133, 138 and 139 under 
goes variation. In this case, another problem has arisen that 
an intensity of the laser beam detected in each photodiode 
?uctuates even though an intensity of the laser beam emitted 
from the semiconductor laser 126 is constant. 

Also, because the second and third photodiodes 138 and 
139 are arranged on tWo planes positioned orthogonal to 
each other, the planes separately move in different directions 
due to a temperature variation and/or a mechanical variation 
occurring over a long period of time. Therefore, another 
problem has arisen that an output of electric current of the 
laser beam detected in each photodiode is not stabiliZed. 

In Published Unexamined Japanese Patent Application 
H5-149793 (1993), a conventional semiconductor laser 
device is disclosed. In this device, a semiconductor laser and 
a Wavelength monitor for detecting a varying Wavelength of 
a laser beam emitted from the semiconductor laser are 
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arranged. Also, in Published Unexamined Japanese Patent 
Application SSS-12831 (1983), a Wavelength measuring 
device for detecting a Wavelength of a laser beam is dis 
closed. In these devices, a laser beam emitted from a beam 
source is directly received by one photodetector. Also, the 
laser beam is received by another photodetector through a 
?lter. These photodetectors are placed on a carrier. In this 
case, though the precision of the position of the photode 
tectors is relatively high With respect to a vertical direction, 
it is dif?cult to precisely arrange the photodetectors in 
horiZontal directions. Therefore, a problem has arisen that it 
is difficult to precisely arrange the photodetectors in hori 
Zontal directions such that the Whole laser beam is correctly 
detected in the photodetectors or such that a preset part of 
the laser beam is correctly detected in each photodetector. 
Also, positions of the photodetectors shift from each other in 
horiZontal directions due to a temperature variation and/or a 
mechanical variation occurring over a long period of time. 
Therefore, another problem has arisen that it is difficult to 
stably and correctly detect a Wavelength of the laser beam. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide, With due 
consideration to the draWbacks of the conventional Wave 
length monitor and the conventional semiconductor laser 
device, a Wavelength monitor and a semiconductor laser 
device in Which a Wavelength of a laser beam emitted from 
a semiconductor laser is alWays monitored With high preci 
sion. 

Also, another object of the present invention is to provide 
a Wavelength monitor and a semiconductor laser device in 
Which an intensity and varying Wavelength of a laser beam 
emitted from a semiconductor laser is correctly monitored 
by using a simple arrangement of constituent elements that 
does not require a plurality of polariZed beam splitters and 
a plurality of band pass ?lters. 

According to one aspect of the present invention, a 
Wavelength monitor is provided comprising a cylindrical 
lens con?gured to alloW a laser beam emitted from a 
semiconductor laser to pass therethrough, ?rst and second 
photodetectors con?gured to receive the laser beam passed 
through the cylindrical lens, and a Wavelength ?lter disposed 
in an optical path betWeen the semiconductor laser and the 
?rst photodetector. 

According to another aspect of the present invention, a 
semiconductor laser device is provided comprising a semi 
conductor laser con?gured to emit a laser beam, a cylindrical 
lens con?gured to alloW a laser beam emitted from a 
semiconductor laser to pass therethrough, ?rst and second 
photodetectors con?gured to receive the laser beam passed 
through the cylindrical lens, and a Wavelength ?lter disposed 
in an optical path betWeen the semiconductor laser and the 
?rst photodetector. 

In the above con?gurations, the laser beam transmitted 
through the cylindrical lens is uniaxially converged in a 
convergence direction, and the uniaxially converged laser 
beam is received by the ?rst and second photodetectors. 
Therefore, even if the position of an optical element such as 
the semiconductor laser, the ?rst photodetector or the second 
photodetector is shifted in the convergence direction, the 
laser beam is still received by the ?rst and second photo 
detectors. Also, even if the position of an optical element is 
shifted in a direction perpendicular to the convergence 
direction in a plane of beam receiving faces of the ?rst and 
second photodetectors, a beam area of the laser beam 
received by each photodetector does not change. 
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4 
Accordingly, the Wavelength of the laser beam emitted 

from the semiconductor laser can be alWays monitored With 
high precision according to both portions of the laser beam 
received by the ?rst and second photodetectors, respectively, 
regardless of Whether the position of the semiconductor 
laser, the ?rst photodetector or the second photodetector is 
shifted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the present 
invention Will become apparent to those skilled in the art 
upon reading the folloWing detailed description of exem 
plary embodiments, in conjunction With the accompanying 
draWings, Wherein: 

FIG. 1 is a side vieW shoWing an optical system including 
a semiconductor laser device according to a ?rst embodi 
ment of the present invention; 

FIG. 2 shoWs a relationship betWeen the output of electric 
current and the Wavelength of a laser beam; 

FIG. 3 is a block diagram of a Wavelength division 
multiplexing type semiconductor laser device; 

FIG. 4 shoWs a plan vieW of tWo beam receiving faces of 
a monolithic photodiode according to a second embodiment; 

FIG. 5 shoWs a plan vieW of beam receiving faces of four 
photodiodes of a monolithic photodiode device according to 
a third embodiment; 

FIG. 6 shoWs a plan vieW of tWo laterally-lengthened 
beam receiving faces of tWo photodiodes of a monolithic 
photodiode device according to a fourth embodiment; 

FIG. 7 shoWs a plan vieW of semicircular beam receiving 
faces of tWo photodiodes of a monolithic photodiode device 
according to a ?fth embodiment; 

FIG. 8 is an upper-oblique vieW of a Wavelength monitor 
according to a sixth embodiment of the present invention; 

FIG. 9 is a block diagram of a Wavelength control system 
of the Wavelength monitor shoWn in FIG. 8; 

FIG. 10A is an explanatory vieW shoWing a circular 
backWard laser beam received in photodiodes in case of no 
positional shift according to the ?rst embodiment; 

FIG. 10B is an explanatory vieW shoWing a circular 
backWard laser beam received in photodiodes in case of the 
movement of the beam in the X direction due to a positional 
shift according to the ?rst embodiment; 

FIG. 10C is an explanatory vieW shoWing a circular 
backWard laser beam received in photodiodes in case of the 
movement of the beam in the Y direction due to a positional 
shift according to the ?rst embodiment; 
FIG. 11A is an explanatory vieW shoWing a 

longitudinally-lengthened elliptical beam of a signal laser 
beam Wherein there is no positional shift according to the 
sixth embodiment; 
FIG. 11B is an explanatory vieW shoWing a 

longitudinally-lengthened elliptical beam of a signal laser 
beam Wherein there is the movement of the beam in the X 
direction due to a positional shift according to the sixth 
embodiment; 
FIG. 11C is an explanatory vieW shoWing a 

longitudinally-lengthened elliptical beam of a signal laser 
beam Wherein there is the movement of the beam in the Y 
direction due to a positional shift according to the sixth 
embodiment; 

FIG. 12A is an explanatory vieW shoWing a positioning 
structure of a drum lens according to a modi?cation of the 

sixth embodiment; 
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FIG. 12B is an explanatory vieW showing a positioning 
structure of a drum lens according to another modi?cation of 
the sixth embodiment; 

FIG. 13 is an upper-oblique vieW of a Wavelength monitor 
according to a seventh embodiment of the present invention; 

FIG. 14 is a side vieW of a drum lens in Which surfaces 
are cut out; 

FIG. 15 is an upper vieW of a Wavelength monitor 
according to an eighth embodiment of the present invention; 

FIG. 16 is an explanatory vieW shoWing both an incident 
angle and a re?ection angle of a laser beam incident on 
photodiodes shoWn in FIG. 15; 

FIG. 17 is a side vieW of a Wavelength monitor according 
to a ninth embodiment of the present invention; 

FIG. 18 is an explanatory vieW shoWing both an incident 
angle and a re?ection angle of a laser beam incident on 
photodiodes shoWn in FIG. 17; 

FIG. 19 is a top vieW of a Wavelength monitor according 
to a tenth embodiment of the present invention; 

FIG. 20 is an upper-oblique vieW of a Wavelength monitor 
according to an eleventh embodiment of the present inven 
tion; 

FIG. 21 is a side vieW of a semiconductor laser device 
according to a tWelfth embodiment of the present invention; 

FIG. 22 is an upper-oblique vieW of a Wavelength monitor 
according to a thirteenth embodiment of the present inven 
tion; and 

FIG. 23 is a vieW schematically shoWing an optical 
system of a conventional Wavelength monitor in Which an 
intensity and varying Wavelength of a laser beam is moni 
tored. 

DETAILED DESCRIPTION 

Embodiments of the present invention Will noW be 
described With reference to the accompanying draWings. 
Embodiment 1 

FIG. 1 is a side vieW shoWing an optical system including 
an exemplary semiconductor laser device according to a ?rst 
embodiment of the present invention. In FIG. 1, reference 
numeral 1 indicates a semiconductor laser. A forWard laser 
beam (not shoWn) is emitted from the semiconductor laser 1 
in a forWard direction (the left direction in FIG. 1), and a 
signal laser beam 2 (also referred to as a backWard laser 
beam) is emitted from the semiconductor laser 1 in a 
rearWard direction (the right direction in FIG. 1). Reference 
numeral 3 indicates a lens for collimating the signal laser 
beam 2 emitted from the semiconductor laser 1. Reference 
numeral 4 indicates a Wavelength ?lter for receiving a loWer 
half part of the signal laser beam 2 and for transmitting the 
signal laser beam 2 according to transmissivity of the 
Wavelength ?lter 4 that varies according to the Wavelength 
of the signal laser beam 2. Reference numeral 5 indicates a 
?rst photodiode (or a ?rst photodetector) for detecting an 
intensity of the signal laser beam 2 transmitting through the 
Wavelength ?lter 4. Reference numeral 6 indicates a second 
photodiode (or a second photodetector) for directly detecting 
an intensity of the signal laser beam 2 collimated by the lens 
3. The lens 3, the Wavelength ?lter 4, the ?rst photodiode 5 
and the second photodiode 6 can be arranged on a base 
carrier 11, and the semiconductor laser 1 can be mounted on 
a chip carrier 50 placed on the base carrier 11. Also, 
reference numeral 9 indicates a thermister (or a temperature 
detecting unit) that can be included and can be arranged on 
the base carrier 11 in the vicinity of the semiconductor laser 
1. The base carrier 11 can be arranged on a constant 
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6 
temperature-keeping device 10 (for example, a Peltier 
device). The semiconductor laser device 100 shoWn in FIG. 
1 can be arranged in a package (not shoWn). 

In FIG. 1, a propagation direction of the signal laser beam 
2 is de?ned as a Z direction (the right direction on a 
horiZontal plane in FIG. 1), a semiconductor laser mounting 
direction (the upper direction perpendicular to the horiZontal 
plane) directed from the chip carrier 50 to the semiconductor 
laser 1 is de?ned as a Y direction, and a direction (directed 
perpendicular out of the page) perpendicular to the Y and Z 
directions is de?ned as an X direction. In the semiconductor 
laser 1, tWo cladding layers (not shoWn) and an active layer 
(not shoWn) placed betWeen the cladding layers are stacked 
in the Y direction. 

Next, an exemplary operation of the semiconductor laser 
device Will be described. A spreading angle of the signal 
laser beam 2 emitted from the semiconductor laser 1 is 
adjusted in the lens 3 to collimate the signal laser beam 2. 
Thereafter, a loWer half part of the signal laser beam 2 
transmits through the Wavelength ?lter 4 and is received by 
the ?rst photodiode 5. Also, the other upper half part of the 
signal laser beam 2 transmitting through the lens 3 is directly 
received in the second photodiode 6 Without passing through 
the Wavelength ?lter 4. Because the Wavelength ?lter 4 has 
a transmissivity that depends on the Wavelength of an 
incident laser beam, the intensity of the signal laser beam 2 
transmitted through the Wavelength ?lter 4 varies according 
to the Wavelength of the signal laser beam 2. Therefore, an 
output of electric current in the ?rst photodiode 5 changes 
With the Wavelength of the signal laser beam 2. In this 
embodiment, the output of electric current in the ?rst pho 
todiode 5 is used as a Wavelength monitored output. 

Also, because the second photodiode 6 directly receives 
the signal laser beam 2 collimated by the lens 3 Without 
passing through the Wavelength ?lter 4, the output of electric 
current in the second photodiode 6 is not changed in 
dependence on the Wavelength of the signal laser beam 2, 
but is changed With the intensity of the signal laser beam 2 
emitted from the semiconductor laser 1. Therefore, the 
output of electric current in the second photodiode 6 is used 
as an intensity monitored output. 

Also, because the signal laser beam 2 is collimated by the 
lens 3, even if a position of photodiode 5 or 6 is shifted from 
an optical axis of the optical system, the signal laser beam 
2 transmitting through the Wavelength ?lter 4 Will not be 
received by the second photodiode 6. Therefore, a distance 
betWeen the ?rst and second photodiodes 5 and 6 can be 
shortened. In this embodiment, tWo beam receiving faces of 
the ?rst and second photodiodes 5 and 6 are arranged on a 
photodiode substrate so as to be adjacent to each other. 
A Fabry-Perot resonator, for example, can be used as the 

Wavelength ?lter 4. The Fabry-Perot resonator can be 
formed by depositing a mirror on a surface of a glass 
substrate polished so as to make the mirror parallel to the 
surface of the glass substrate. FIG. 2 shoWs an exemplary 
relationship betWeen the output of electric current from the 
?rst photodiode 5 and the Wavelength of the laser beam 
emitted from the semiconductor laser 1 in cases Where a 
Fabry-Perot resonator is used as the Wavelength ?lter 4. In 
FIG. 2, a solid line 7 indicates a Waveform of the output of 
electric current generated by the ?rst photodiode 5, and a 
dotted line 8 indicates the output of electric current gener 
ated by the second photodiode 6. 
As shoWn in FIG. 2, the output of electric current from 

photodiode 5 due to the laser beam transmitting through the 
Fabry-Perot resonator is periodically increased or decreased 
With the Wavelength of beam incident on the Fabry-Perot 



US 6,801,553 B2 
7 

resonator. For example, in cases Where a Wavelength of a 
laser beam incident on the Fabry-Perot resonator is length 
ened Within a speci?c Wavelength band B, the output of 
electric current generated by the ?rst photodiode 5 is sharply 
decreased. Therefore, in cases Where the semiconductor 
laser 1 emits a laser beam for Which the variation in 
Wavelength corresponds to the speci?c Wavelength band B, 
variations in Wavelength of the laser beam 2 emitted from 
the semiconductor laser 1 can be precisely detected and 
monitored because the output of electric current obtained in 
the ?rst photodiode 5 sharply changes With the Wavelength 
of the laser beam 2. 

In this embodiment, the speci?c Wavelength band B can 
be set such that the output of electric current generated by 
the ?rst photodiode 5 decreases as the Wavelength of the 
laser beam 2 emitted from the semiconductor laser 1 is 
increased. Alternatively, the speci?c Wavelength band B can 
be set such that the output of electric current generated by 
the ?rst photodiode 5 sharply increases in cases Where a 
Wavelength of a laser beam incident on the Fabry-Perot 
resonator is increased. In addition, a table indicating a 
relationship betWeen the output of electric current generated 
by the ?rst photodiode 5 and Wavelength of a laser beam can 
be stored in a memory (not shoWn). Such a table can be 
generated by actually measuring the output of electric cur 
rent generated by the ?rst photodiode 5 in advance While 
changing the Wavelength of a laser beam. In this case, it is 
possible to measure the Wavelength of the laser beam 2 
emitted from the semiconductor laser 1 according to the 
output of electric current obtained in the ?rst photodiode 5 
by referring to the table stored in the memory. 

In contrast, as shown by the dotted line 8 indicating the 
output in the second photodiode 6, because the portion of the 
laser beam 2 not transmitted through the Wavelength ?lter 4 
is detected by the second photodiode 6, the output in the 
second photodiode 6 does not change even if the Wavelength 
of the laser beam 2 emitted from the semiconductor laser 1 
changes. 

In this embodiment, the Wavelength ?lter 4 is not limited 
to a Fabry-Perot resonator. Any appropriate ?lter can be used 
as the Wavelength ?lter 4 on the condition that an intensity 
of a laser beam transmitting through the ?lter is changed in 
dependence on the Wavelength of the laser beam. For 
example, an optical band pass ?lter obtained by depositing 
a plurality of dielectric ?lms on a glass substrate can be used 
as the Wavelength ?lter 4. Also, a ?lter composed of a pair 
of birefringent crystals and a polariZer can be used as the 
Wavelength ?lter 4. 

Also, this embodiment is not limited to a con?guration 
Wherein the Wavelength ?lter 4 receives a portion of the laser 
beam 2. For example, a Wavelength ?lter composed of a ?rst 
block having a Wavelength-dependent transmissivity and a 
second block having no Wavelength-dependent transmissiv 
ity can be used. In this case, the Whole signal laser beam 2 
can be received by the Wavelength ?lter. 

Next, a method of controlling the semiconductor laser 1 
to stabiliZe the Wavelength of the laser beam emitted from 
the semiconductor laser 1 is described. 

FIG. 3 is a block diagram of an exemplary Wavelength 
division multiplexing (WDM) type semiconductor laser 
device. A method of controlling the semiconductor laser 1 is 
performed using a Wavelength monitor applied to the WDM 
type semiconductor laser device. In this type of Wavelength 
monitor, a control operation for setting an intensity of the 
laser beam 2 to a constant value is performed using an 
automatic poWer control (APC) circuit 26, and the tempera 
ture of the semiconductor laser 1 is controlled to be set to a 
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constant value using an automatic temperature control 
(ATC) circuit 27. In the APC circuit 26, a driving current 
supplied to the semiconductor laser 1 is adjusted according 
to the output of electric current generated by the second 
photodiode 6, so that an intensity of the forWard laser beam 
emitted from the semiconductor laser 1 is set to a constant 
value. Also, in the ATC circuit 27, a current supplied to the 
constant-temperature-keeping device 10, such as a Peltier 
device, is adjusted according to a resistance value of the 
thermister 9 arranged in the neighborhood of the semicon 
ductor laser 1. The resistance value of the thermister 9 
indicates a temperature of the semiconductor laser 1. Of 
course, an appropriate temperature detecting unit other than 
a thermister can also be used. 

In the WDM type semiconductor laser device using the 
Wavelength monitor, an intensity of the forWard laser beam 
emitted from the semiconductor laser 1 is set to a setting 
value by the APC circuit 26 according to the output of 
electric current generated by the second photodiode 6. For 
example, in cases Where the output of electric current 
generated by the second photodiode 6 is larger than a setting 
output, a drive current supplied to the semiconductor laser 1 
is loWered by the APC circuit 26. In contrast, in cases Where 
the output of electric current generated by the second 
photodiode 6 is smaller than a setting output, a drive current 
supplied to the semiconductor laser 1 is increased by the 
APC circuit 26. Also, the temperature of the semiconductor 
laser 1 is adjusted to a setting temperature by the ATC circuit 
27 according to a resistance value of the thermister 9. Also, 
the setting temperature in the ATC circuit 27 is further 
adjusted according to the output of electric current generated 
by the ?rst photodiode 5 to keep the output of electric 
current generated by the ?rst photodiode 5 to a setting value. 
Accordingly, the Wavelength of the forWard laser beam 
emitted from the semiconductor laser 1 can be stabiliZed to 
a preset Wavelength. For example, in cases Where the 
Wavelength of the signal laser beam 2 emitted from the 
semiconductor laser 1 is set Within the speci?c Wavelength 
band B, When the output of electric current generated by the 
?rst photodiode 5 is larger than a setting output, it is 
determined that the Wavelength of the signal laser beam 2 is 
shorter than the preset Wavelength. Therefore, the setting 
temperature in the ATC circuit 27 is increased to lengthen 
the Wavelength of the signal laser beam 2 emitted from the 
semiconductor laser 1. In contrast, When the output of 
electric current obtained in the ?rst photodiode 5 is smaller 
than a setting output, it is determined that the Wavelength of 
the signal laser beam 2 is longer than the preset Wavelength. 
Therefore, the setting temperature in the ATC circuit 27 is 
decreased to shorten the Wavelength of the signal laser beam 
2 emitted from the semiconductor laser 1. That is, the output 
of electric current generated by the ?rst photodiode 5 is fed 
back to the ATC circuit 27 Without inverting the output of 
electric current obtained in the ?rst photodiode 5. 

In the ?rst embodiment shoWn in the example of FIG. 1, 
the signal laser beam 2 is divided into the upper half part of 
the beam not incident on the Wavelength ?lter 4 and the 
loWer half part of the beam incident on the Wavelength ?lter 
4 along the Y direction. HoWever, if the alignment betWeen 
the semiconductor laser 1 and the ?rst and second photo 
diodes 5 and 6 is performed With high precision, the signal 
laser beam 2 can be divided into tWo parts along the X 
direction. Also, the signal laser beam 2 can be divided into 
tWo parts at an arbitrary ratio as long as the output of electric 
current generated by the ?rst photodiode 5 is appropriately 
used to monitor the Wavelength of the laser beam 2 and as 
long as the output of electric current generated by the second 
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photodiode 6 is appropriately used to monitor the intensity 
of the laser beam 2. 

Also, in the ?rst embodiment shoWn in the example of 
FIG. 1, the signal laser beam 2 emitted from the semicon 
ductor laser 1 is collimated by the lens 3. HoWever, this 
embodiment is not limited to collimation by the lens 3. The 
signal laser beam 2 emitted from the semiconductor laser 1 
can alternatively either be converged or diverged by the lens 
3 as long as the part of the laser beam not transmitted 
through the Wavelength ?lter 4 is not received by the ?rst 
photodiode 5 and as long as the part of the laser beam 
transmitted through the Wavelength ?lter 4 is not received by 
the second photodiode 6. Also, it is possible for no lens to 
be arranged in the exemplary semiconductor laser device 
shoWn in FIG. 1. 

Accordingly, an intensity and varying Wavelength of the 
laser beam emitted from the semiconductor laser 1 can be 
correctly monitored by arranging the lens 3, the Wavelength 
?lter 4 and the ?rst and second photodiodes 5 and 6 along 
one optical axis. Also, because a combination of a plurality 
of polariZed beam splitters and a plurality of band pass ?lters 
is not used, the semiconductor laser device including the 
Wavelength monitor can be easily manufactured, and a 
manufacturing cost of the semiconductor laser device 
including the Wavelength monitor can be reduced. 
Embodiment 2 

FIG. 4 shoWs a plan vieW of tWo beam receiving faces of 
an exemplary monolithic photodiode device 12 according to 
a second embodiment. As shoWn in FIG. 4, the monolithic 
photodiode device 12 can be arranged in place of the ?rst 
and second photodiodes 5 and 6. The monolithic photodiode 
device 12 is obtained by forming tWo beam receiving faces 
13 and 14 on a monolithic photodiode substrate. 

Accordingly, the arrangement of the ?rst and second 
photodiodes 5 and 6 can be performed at one time by 
arranging the monolithic photodiode on the base carrier 11, 
and a manufacturing cost of the semiconductor laser device 
including the Wavelength monitor can be further reduced. 
Embodiment 3 

FIG. 5 shoWs a plan vieW of beam receiving faces of four 
photodiodes of an exemplary monolithic photodiode device 
15 according to a third embodiment. As shoWn in FIG. 5, the 
monolithic photodiode device 15 is arranged in place of the 
?rst and second photodiodes 5 and 6. The monolithic 
photodiode device 15 is obtained by forming beam receiving 
faces of four photodiodes 16 to 19 on a monolithic photo 
diode substrate. The photodiodes 18 and 19 functioning as 
the second photodiode 6 are placed adjacent to photodiodes 
16 and 17 functioning as the ?rst photodiode 5. The pho 
todiodes 16 and 17 are arranged adjacent to each other in the 
X direction, and the photodiodes 18 and 19 are arranged 
adjacent to each other in the X direction. 

In the ?rst embodiment, to suf?ciently receive portions of 
the signal laser beam 2 emitted from the semiconductor laser 
1 on both the ?rst and second photodiodes 5 and 6, it is 
necessary to precisely align the ?rst and second photodiodes 
5 and 6 With the semiconductor laser 1 along the optical axis. 
As shoWn in FIG. 1, because the semiconductor laser 1, the 
lens 3 and the ?rst and second photodiodes 5 and 6 are 
arranged on the base carrier 11 or the chip carrier 50, the 
arrangement precision of the ?rst and second photodiodes 5 
and 6 in the semiconductor laser mounting direction (the Y 
direction in FIG. 1) is comparatively high. HoWever, the 
semiconductor laser 1 and the ?rst and second photodiodes 
5 and 6 are typically ?xed to the base carrier 11 or the chip 
carrier 50 using solder or adhesive agent. Therefore, When 
the temperature of the base carrier 11 or the chip carrier 50 
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is increased during the manufacturing of the semiconductor 
laser device, there is a possibility that positions of the 
semiconductor laser 1 and the ?rst and second photodiodes 
5 and 6 can lose proper alignment. Therefore, the arrange 
ment precision of the ?rst and second photodiodes 5 and 6 
can deteriorate in a direction (the X direction in FIG. 1) 
perpendicular to the semiconductor laser mounting direc 
tion. 

To solve this potential problem, in the third embodiment, 
the beam receiving area of photodiodes, upon Which the 
laser beam emitted from the semiconductor laser 1 is 
received, is enlarged in the X direction. That is, the signal 
laser beam 2 transmitting through the Wavelength ?lter 4 is 
received on beam receiving faces of tWo photodiodes 16 and 
17 functioning as the ?rst photodiode 5, and the signal laser 
beam 2 not transmitting through the Wavelength ?lter 4 is 
received on beam receiving faces of tWo photodiodes 18 and 
19 functioning as the second photodiode 6. Because a ?rst 
group of photodiodes 18 and 19 and a second group of 
photodiodes 16 and 17 respectively extend in the X 
direction, even though the signal laser beam 2 emitted from 
the semiconductor laser 1 is shifted in the X direction, a 
decrease of the output of electric current generated by each 
group of photodiodes can be avoided. 

Accordingly, in the third embodiment, the precision of the 
X-directional arrangement of the semiconductor laser 1, the 
lens 3, the ?rst group of photodiodes 18 and 19 and the 
second group of photodiodes 16 and 17 can have loWer 
minimum requirement. For example, When a positional 
relationship among the semiconductor laser 1, the lens 3, the 
?rst group of photodiodes 18 and 19 and the second group 
of photodiodes 16 and 17 is proper in the X direction, the 
intensity and Wavelength of the laser beam emitted from the 
semiconductor laser 1 is controlled according to the outputs 
of electric current obtained in the photodiodes 16 and 17 and 
the outputs of electric current obtained in the photodiodes 18 
and 19, respectively. If the positional relationship 
deteriorates, the intensity and Wavelength of the laser beam 
emitted from the semiconductor laser 1 is controlled accord 
ing to a sum of the outputs of electric current generated by 
the photodiodes 16 and 17 and a sum of the outputs of 
electric current generated by the photodiodes 18 and 19. 
Therefore, the photodiodes 16 to 19 of the monolithic 
photodiode device 15 can compensate for potential deterio 
ration of the X-directional precision in the placement of 
components for the monitoring of the intensity and varying 
Wavelength of the laser beam, and the precision of the 
X-directional arrangement can have loWer minimum 
requirement. 

Also, in cases Where the arrangement precision required 
for the semiconductor laser device is very high, it is pre 
ferred that the number of photodiodes arranged adjacent to 
each other in the X direction is increased. In this case, the 
precision of the X-directional arrangement can have loWer 
minimum requirement. 

In addition, the semiconductor laser device can alterna 
tively be con?gured such that the signal laser beam 2 is 
divided in the Y direction by the Wavelength ?lter 4. In this 
case, the signal laser beam 2 not transmitting through the 
Wavelength ?lter 4 is received by a ?rst group of the 
photodiodes 17 and 19 arranged adjacent to each other in the 
Y direction, and the laser beam 2 transmitting through the 
Wavelength ?lter 4 is received by a second group of the 
photodiodes 16 and 18 arranged adjacent to each other in the 
Y direction. Even if the laser beam 2 emitted from the 
semiconductor laser 1 is shifted in the Y direction, because 
the beam receiving faces of each group of the photodiodes 
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extend in the Y direction, the photodiodes 16 to 19 of the 
monolithic photodiode device 15 can compensate for poten 
tial deterioration of the Y-directional precision in the place 
ment of components for the monitoring of the intensity and 
varying Wavelength of the signal laser beam 2, and the 
precision of the Y-directional arrangement can have a loWer 
minimum requirement. Also, in cases Where the 
Y-directional arrangement precision required for the semi 
conductor laser device is very high, it is preferred that the 
number of photodiodes arranged adjacent to each other in 
the Y direction is increased for each group of photodiodes. 
In this case, the precision of the Y-directional arrangement 
can have loWer minimum requirement. 
Embodiment 4 

FIG. 6 shoWs a plan vieW of laterally-lengthened beam 
receiving faces of tWo photodiodes of an exemplary mono 
lithic photodiode device 20 according to a fourth embodi 
ment. As shoWn in FIG. 6, the monolithic photodiode device 
20 is arranged in place of the ?rst and second photodiodes 
5 and 6. The monolithic photodiode device 20 is obtained by 
forming beam receiving faces of tWo photodiodes 21 to 22 
respectively lengthened in the X direction on a monolithic 
photodiode substrate. The photodiode 22 functioning as the 
second photodiode 6 is placed adjacent to the photodiode 21 
functioning as the ?rst photodiode 5. 

Accordingly, in the fourth embodiment, because the beam 
receiving faces of the photodiodes 21 to 22 are lengthened 
in the X direction, even though the laser beam 2 emitted 
from the semiconductor laser 1 is shifted in the X direction, 
the beam receiving faces of the photodiodes 21 to 22 
laterally-lengthened in the X direction can reliably receive 
the laser beam 2. Therefore, the beam receiving faces of the 
photodiodes 21 to 22 of the monolithic photodiode device 20 
can compensate for potential deterioration of the 
X-directional precision in the placement of components for 
the monitoring of the intensity and varying Wavelength of 
the laser beam, and the precision of the X-directional 
arrangement can have loWer minimum requirement. 

Also, in cases Where the arrangement precision required 
for the semiconductor laser device is very high, it is pre 
ferred that the beam receiving faces of the photodiodes 21 
and 22 are further lengthened in the X direction. In this case, 
the precision of the X-directional arrangement can have 
loWer minimum requirement. 

Also, in cases Where the arrangement precision can be 
satis?ed in the X direction, the Wavelength ?lter 4 can be 
placed on the right side (or the left side) of the optical axis 
in a plane parallel to the X-Y plane. In this case, a monolithic 
photodiode device replacing the ?rst and second photo 
diodes 5 and 6 of the ?rst embodiment has longitudinally 
lengthened beam receiving faces of tWo photodiodes 
arranged adjacent to each other in the X direction, and the 
beam receiving face of each photodiode extends in the Y 
direction. Also, the portion of the laser beam transmitting 
through the Wavelength ?lter 4 is received by one photo 
diode placed on the right side (or the left side) in a plane 
parallel to the X-Y plane, and the portion of the laser beam 
not transmitting through the Wavelength ?lter 4 is received 
by the other photodiode placed on the left side (or the right 
side) in the plane parallel to the X-Y plane. Therefore, even 
if the laser beam 2 emitted from the semiconductor laser 1 
is shifted in the Y direction, because the beam receiving face 
of each photodiode extends in the Y direction, the photo 
diodes of the monolithic photodiode device can compensate 
for potential deterioration of the Y-directional precision in 
the placement of components for the monitoring of the 
intensity and varying Wavelength of the laser beam, and the 
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arrangement precision of the semiconductor laser 1, the lens 
3 and the photodiodes 5 and 6 in the Y direction can have 
loWer minimum requirement. Also, in cases Where the 
arrangement precision required for the semiconductor laser 
device is very high, it is preferred that the beam receiving 
face of each photodiode is further lengthened in the Y 
direction. In this case, the precision of the Y-directional 
arrangement can have loWer minimum requirement. 
Embodiment 5 

FIG. 7 shoWs a plan vieW of semicircular beam receiving 
faces of tWo photodiodes of a monolithic photodiode device 
according to a ?fth embodiment. As shoWn in FIG. 7, a 
monolithic photodiode device 23 is arranged in place of the 
?rst and second photodiodes 5 and 6. The monolithic 
photodiode device 23 is obtained by forming semicircular 
beam receiving faces of tWo photodiodes 24 and 25 on a 
monolithic photodiode substrate. The photodiode 25 func 
tioning as the second photodiode 6 of the ?rst embodiment 
is placed adjacent to the photodiode 24 functioning as the 
?rst photodiode 5 of the ?rst embodiment. The beam receiv 
ing faces of the photodiode have chord edges 24a and 25a 
extending in the X direction perpendicular to both the 
optical axis (Z direction) and the photodiode arranging 
direction (Y direction), and the chord edges 24a and 25b of 
the photodiodes 24 and 25 face each other. Therefore, a 
group of the photodiodes 24 and 25 of the monolithic 
photodiode device 23 is formed approximately in a circular 
shape. Because the laser beam emitted from the semicon 
ductor laser 1 is formed approximately in a circular shape, 
the shape of the laser beam approximately matches the shape 
of the beam receiving faces of the photodiodes 24 and 25. 
Therefore, the signal laser beam 2 emitted from the semi 
conductor laser 1 can be ef?ciently received by the beam 
receiving faces of the photodiodes 24 and 25 of the mono 
lithic photodiode device 23. 

In this embodiment, the beam receiving face of each 
photodiode can alternatively be formed in a half-elliptical 
shape lengthened in the X direction. In this case, the 
arrangement precision of the semiconductor laser 1, the lens 
3 and the photodiodes 24 and 25 in the X direction can have 
loWer minimum requirement in the same manner as in the 
fourth embodiment shoWn in the example of FIG. 6. 

Also, in cases Where the arrangement precision can be 
satis?ed in the X direction, the Wavelength ?lter 4 can 
alternatively be placed on the right side (or the left side) of 
the optical axis in a plane parallel to the X-Y plane. In this 
case, a monolithic photodiode device replacing the ?rst and 
second photodiodes 5 and 6 of the ?rst embodiment has 
half-elliptical beam receiving faces of tWo photodiodes 
arranged adjacent to each other in the X direction, and 
chords of the half-elliptical beam receiving faces of the 
photodiodes extend in the Y direction and face each other. 
Also, the portion of the signal laser beam 2 transmitting 
through the Wavelength ?lter 4 is received by the half 
elliptical beam receiving face of one photodiode placed on 
the right side (or the left side) in a plane parallel to the X-Y 
plane, and the portion of the signal laser beam 2 not 
transmitting through the Wavelength ?lter 4 is received by 
the half-elliptical beam receiving face of the other photo 
diode placed on the left side (or the right side) in the plane 
parallel to the X-Y plane. Therefore, the arrangement pre 
cision of the semiconductor laser 1, the lens 3 and the 
photodiodes in the Y direction can have loWer minimum 
requirement. Therefore, even if the laser beam 2 emitted 
from the semiconductor laser 1 is shifted in the Y direction, 
because the beam receiving face of each photodiode extends 
in the Y direction, the photodiodes of the monolithic pho 
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todiode device can compensate for potential deterioration of 
the Y-directional precision in the placement of components 
for the monitoring of the intensity and varying Wavelength 
of the laser beam, and the arrangement precision of the 
semiconductor laser 1, the lens 3 and the photodiodes in the 
Y direction can have loWer minimum requirement. Also, in 
cases Where the arrangement precision required for the 
semiconductor laser device is very high, it is preferred that 
the half-elliptical beam receiving faces of the photodiodes 
are further lengthened in the Y direction. In this case, the 
arrangement precision in the Y direction can have loWer 
minimum requirement. 
Embodiment 6 

FIG. 8 is an upper-oblique vieW of an exemplary Wave 
length monitor comprising a drum lens 31, a Wavelength 
?lter 32, and ?rst and second photodiodes 33 and 34 
according to a sixth embodiment of the present invention. 
The Wavelength monitor can be used to monitor the Wave 
length of a laser beam emitted from a laser, such as semi 
conductor 30. In addition, the Wavelength monitor can be 
used in conjunction With a semiconductor laser device such 
as illustrated in FIG. 1 or FIG. 3, in Which case drum lens 
31, Wavelength ?lter 32, photodiodes 34 and 35, and semi 
conductor laser 30 replace the corresponding components 
shoWn in FIG. 1 or FIG. 3. The remaining constituent 
elements of the semiconductor laser device can be the same 
as those shoWn in FIG. 1 or FIG. 3, and additional descrip 
tion of those constituent elements is omitted. The same is 
applicable for the seventh through the tenth embodiments. 

The semiconductor laser 30 can be, for example, a dis 
tributed feedback type laser having a diffraction grating in an 
active layer, a Wavelength variable laser diode from Which 
a signal laser beam having a Wavelength depending on an 
input current or temperature is emitted, or a composite 
semiconductor laser Which is composed of an electric 
absorption device and a laser diode serially arranged. Also, 
the semiconductor laser 30 can be arranged relative to other 
components in the same manner as the semiconductor laser 
1 shoWn in FIG. 1. The drum lens 31 (also referred to as a 
cylindrical lens) is formed in a cylindrical shape for con 
verging a backWard laser beam (also referred to as a signal 
laser beam) emitted from the semiconductor laser 30. The 
drum lens 31 can be placed at the rear side of the semicon 
ductor laser 30, and a longitudinal direction (a center axis 
direction) of the drum lens 31 can be oriented along a 
vertical direction (the Y direction in FIG. 8). A laser beam 
incident on the drum lens 31 is converged in a direction (the 
X direction in FIG. 8) perpendicular to both the longitudinal 
direction and a direction of an optical axis (the Z direction 
in FIG. 8), but the laser beam incident on the drum lens 31 
is not converged in the longitudinal direction. That is, the 
drum lens 31 has a uniaxial converging function to uniaxi 
ally converge a laser beam. Therefore, the signal laser beam 
converged by the drum lens 31 is formed in an elliptical 
shape on an X-Y plane. In other Words, the signal laser beam 
is lengthened in the Y direction and is shortened in the X 
direction as illustrated in FIG. 8. 

The Wavelength ?lter 32 can have a Wavelength 
dependent transmissivity. That is, When the Wavelength ?lter 
32 receives a loWer half part of the signal laser beam 
uniaxially converged by the drum lens 31, the transmissivity 
of the Wavelength ?lter 32 for the signal laser beam depends 
upon the Wavelength of the signal laser beam. Accordingly, 
an intensity of the signal laser beam is changed in the 
Wavelength ?lter 32 according to the Wavelength of the 
signal laser beam. Therefore, the intensity of the signal laser 
beam transmitting through the Wavelength ?lter 32 is 
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changed With variations in Wavelength of the signal laser 
beam emitted from the semiconductor laser 30. The Wave 
length ?lter 32 can be, for example, formed of a Fabry-Perot 
resonator in the same manner as in the ?rst embodiment. 
HoWever, any appropriate Wavelength ?lter can be used as 
the Wavelength ?lter 32 if the Wavelength ?lter has a 
function of changing an intensity of a beam at a certain rate 
(e.g., has changing transmissivity) depending on a Wave 
length of the incident laser beam. For example, an etalon 
?lter of an interference type, a birefringence ?lter composed 
of YVO4 crystal, LiNbO3 crystal and a polariZer (or a 
polariZed beam splitter) or a thin ?lm ?lter having a plurality 
of coated layers on a glass substrate can be used as the 
Wavelength ?lter 32. 
As illustrated in FIG. 8, a ?rst photodiode 33 (or a ?rst 

photodetector) is laterally lengthened in a direction perpen 
dicular to the longitudinal direction (the X direction in FIG. 
8). The ?rst photodiode 33 receives a loWer half part of the 
signal laser beam Which is uniaxially converged by the drum 
lens 31 and transmitted through the Wavelength ?lter 32, and 
an intensity of the signal laser beam can be monitored by the 
?rst photodiode 33 in the form of a current value. A second 
photodiode 34 (or a second photodetector) is also laterally 
lengthened in the X direction. The second photodiode 34 
receives an upper half part of the signal laser beam Which is 
uniaxially converged by the drum lens 31 and Which is not 
transmitted through the Wavelength ?lter 32, and an inten 
sity of the signal laser beam can be monitored by the second 
photodiode 34 in the form of a current value. To receive the 
signal laser beam, Which is formed in an elliptical shape by 
the drum lens 31, the second photodiode 34 is preferably 
arranged above the ?rst photodiode 33 such that the photo 
diodes 33 and 34 are parallel to each other With respect to the 
lengthWise direction of each photodiode 33 and 34. A sum 
of lengths of the photodiodes 33 and 34 in the Y direction is 
suf?ciently loWer than a beam diameter of the signal laser 
beam in the Y direction, and a length of each photodiode in 
the X direction is suf?ciently longer than a beam diameter of 
the signal laser beam in the X direction (refer also to FIG. 
11A). 

Also, the photodiodes 33 and 34 are preferably arranged 
symmetrically With respect to the optical axis, Which is 
placed in the beam center of the signal laser beam. Also, the 
drum lens 31, the Wavelength ?lter 32 and the pair of 
photodiodes 33 and 34 can be ?xedly arranged on a base 
carrier (not shoWn) in the same manner as in the ?rst 
embodiment. For example, the drum lens 31 can be ?xed to 
the base carrier by using an alloy of gold and tin or a glass 
With a loW melting point. 

In this embodiment, the second photodiode 34 monitors 
the intensity of the signal laser beam emitted from the 
semiconductor laser 30. Therefore, the second photodiode 
34 functions as a poWer monitor photodiode. Also, because 
the intensity of the signal laser beam transmitted through the 
Wavelength ?lter 32 depends on the Wavelength of the signal 
laser beam incident on the Wavelength ?lter 32, the intensity 
of the signal laser beam monitored by the ?rst photodiode 33 
can vary according to the Wavelength of the signal laser 
beam emitted from the semiconductor laser 30. Therefore, 
the ?rst photodiode 33 functions as a Wavelength monitor 
photodiode. Of course, the roles of the photodiodes could be 
reversed if the Wavelength ?lter 32 in FIG. 8 is positioned 
to receive an upper portion of the signal laser beam. 

FIG. 9 is a block diagram of an exemplary Wavelength 
control system of the Wavelength monitor shoWn in FIG. 8. 
In FIG. 9, reference numeral 35 indicates a constant tem 
perature keeping device (for example, a Peltier device) 






















